Effective use of a dry powder inhaler (DPI) requires an optimal inhalation flow pattern. However, practical devices for providing instructions on flow pattern are currently unavailable. We recorded inhalation flow patterns through DPI＇s in 9 asthmatics (6 concurrently using Diskus, and 3 using a pMDI, -pressurized metered dose inhaler) using a new flow pattern visualizer (Visual Trainer) that displays time related changes in inspiratory flow. Data acquisition and recording from a single DPI took 10 s, permitting ordinary clinical practice. Flows were classified into the following three patterns: an initial steep rise reaching a peak inhalation flow (PIFR) at < 0.6 s, followed by a gradual decrease with total inhalation time > 1.0 s / an initial steep rise with inhalation time < 1.0 s / an initial slow rise reaching PIFR at > 0.6 s with total inhalation time > 1.0 s. Inhalation patterns for Diskus and Turbuhaler use were evenly distributed among the three classifications. The PIFRs from Diskus tended to be higher than those from Turbuhaler in the same subjects. PIFRs using Diskus exceeded 60 L/min in all subjects, while 3 of 9 failed to reach this level using Turbuhaler. When inhaling from either DPI, PIFR appeared at > 0.6 s in 4 of 9 subjects. Inhaled volumes from Diskus were < 1 L in 3 of 9 subjects, and in 5 with Turbuhaler use. Both Diskus and pMDI users were included in the insufficient group.
Introduction
With a dry powder inhaler (DPI), drug dispersion and generation of fine particles are dependent on the patients＇ inhalation flow. Therefore, the pattern of inhalation ow is a critical determinant of the ef ciency of the DPI. For this reason the ISAM/ERS (International Society of Aerosols in Medicine/ European Respiratory Society) task force encourages inhalation with individual DPIspeci c ow patterns. 1) To this end devices visual-
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izing inhalation ow patterns from a DPI are desirable. In a previous study, 2) we designed an inhalation flow visualizer and analyzed subject inhalation ow patterns from a DPI. However, for the purpose of clinical use, a much smaller, lighter, practical, and cheaper device is required which also includes a memory record for later analysis.
In the present study we describe a new device, termed a "Visual Trainer" , which ful lls these requirements by introducing a microcomputer into the system. The purpose of this study is to con-firm the practicality of the Visual Trainer in an outpatient setting and to investigate inhalation flow patterns from a DPI in asthmatic patients currently treated with a DPI using the Visual Analyzer.
Materials and Methods
This study was permitted by the Human Ethics Committee of Shonan Fujisawa Tokushukai Hospital (#14-020). 
Results
The Inhalation ow patterns in these patients were similar to those in the previous study on healthy volunteers. 2, 5) Thus, referring to the previous studies, we classified them into three patterns as shown in 3) . have been reported. [6] [7] [8] Unfortunately, all of these systems are either complicated or expensive, and thus are not suited to use in clinical practice. Several years ago, we reported a simplified system which displays the peak inhalation pressure by measuring mouth piece pressure of a DPIs, 9) and
we found that feedback of the inhalation ow rate to the patient was useful in asthma control (un- Thus, we confirmed that Visual Trainer was a convenient system to be used in an outpatient setting.
In many clinics and pharmacies, verbal instruction such as "Inhale forcefully and deeply" has suf ced for ow instructions. As has been reported, 2) this constitutes inadequate and ineffective instruction, especially for those who are not familiar with a DPI. In-Check ® and other inhalation trainers are sometimes used to supplement inhaling ow instruction. These devices indicate either the peak inhalation ow or when some threshold ow during inhalation had been exceeded. However, as reported by Bissgard et al, 10) in most cases, when inhalation ow reached its peak, drugs dispersion had already taken place. Thus, whether the highest ow appears in the very early phase of inhalation should be identi ed with DPI instruction.
In the present study we found that even in those who regularly use DPIs, the inhalation patterns
were not necessarily satisfactory. from Turbuhaler tended to be lower than those from Diskus (Fig 4) . Therefore, a stronger inhalation should be advised when the DPI is changed from Diskus to Turbuhaler, and with the order reversed, a weaker inhalation may reduce pharyngeal effects. There are large variations in measured parameters from individual subjects in the panels A -C. We obtained similar wide variations in our previous study on healthy subjects who were familiar with DPI＇s. 14) Therefore, such wide variations may not arise from inexperience with a new DPI, ie, the device that the subject had not previously used. Statistical analysis was not done since we examined only a small number of subjects in this preliminary study. However, these findings suggest the importance of flow pattern instruction in the use of DPIs.
In conclusion, the present study suggests that patients, even those who use a DPI regularly, do not always inhale with a satisfactory ow pattern.
Visual Trainer has the potential to improve flow pattern in those patients. Visual Trainer may be a convenient system to use in an outpatient setting.
